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An important challenge for the membrane community is to mimic the dynamic activity of natural protein 
channels that outperform by orders of magnitude man-made systems based on pore size and coarse 
chemical selectivity.  To mimic protein channel pumping on a robust engineering membrane platforms 
applied bias can be used to actuate charged gatekeepers and induce ionic pumping.  Described here are 
two platforms of Carbon nanotube membranes and Anodized Aluminum Oxide (AAO) with nm-thick 
electrodes at pore entrances/exits.  Carbon nanotubes have three key attributes that make them of great 
interest for novel membrane applications  1) atomically flat graphite surface allows for ideal fluid slip 
boundary conditions and extremely fast flow rates [1,2]  2) the cutting process to open CNTs inherently 
places functional chemistry at CNT core entrance for chemical selectivity and  3) CNT are electrically 
conductive allowing for electrochemical reactions and application of electric fields gradients at CNT tips.  
The CNT membrane, with tips functionalized with charged molecules, is a nearly ideal platform to induce 
electro-osmotic flow with high charge density at pore entrance and a nearly frictionless surface for the 
propagation of plug flow.  Through diazonium electrochemical modification we have successfully bound 
anionic surface charge to CNT tips and along CNT cores.  High electro-osmotic flows of 3 cm/s-V at are 
seen that are 10,000 fold faster than in conventional nanoporous materials[3,4] and are consistent with 
pressure driven flow enhancements.  Use of the electro-osmotic phenomenon for 
responsive/programmed transdermal drug delivery devices for nicotine addiction [5].  Another approach is 
to mimic natural protein channel transport cycles with binding/transport/release/reset events.  Porous 
alumina (AAO) membranes have top and bottom electrodes coated with thin Au layers with pore 
dimension tuned to match protein dimensions.  At this thin layer at pore entrances, Ni-ETA is able to bind 
to hys-tag residue on target protein, as is commonly employed in chromatography.  A binding voltage 
pulse attracts anionic target protein to top electrode and blocking the pore, while repelling the cationic 
imidazole release agent.  The second voltage cycle attracts cationic release agent to top of membrane 
while pumping anionic target protein to bottom permeate and resetting the pumping cycle.  This system 
was able to successfully mimic natural membrane transporter cycles and the separation efficiency of 
1cm2 of membrane was comparable to convention 1cm3 volumes used in chromatography [6].  
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